Polyaniline/ Sawdust /Poly Ethylene Glycol/ (PANi/SD/PEG) composite synthesized chemically is used as an adsorbent to remove hexavalent chromium from water. Adsorption experiments have been done in batch and continuous (column) mode. Some parameter such as pH, contact time, PANi/SD/PEG dose, isotherms in batch mode and pH, column bed depth and fluid flow rate in column mode were investigated. Result shows that PANi/SD/PEG has a good performance to remove hexavalent chromium ion from aqueous media. By presence of PEG, prepared composite has been homogenized and further absorption has been occurred. The best adsorption occurs under pH 2 and optimum contact time for removal of hexavalent chromium ion in batch experiment was about 30 min. Adsorption of Cr (VI) by PANi/SD/PEG fitted well in Langmuir isotherms. Maximum adsorption of hexavalent chromium was calculated 3.2 (mg/g). In column experiments, pH and column bed depth were found to be more prominent than fluid flow rate. Though, about 22% of Cr (VI) can be recovered using 0.1 M NaOH in the batch system, the recovered Cr (VI) in column system was less than 7.9%.
Introduction
Growing industrial development and population explosion in the world resulted in an increasing amount of different pollutants daily discharged into environment. Some pollutant, such as heavy metals, even at low concentrations, are harmful to human health. Chromium is not naturally found in water; however, but it enters to environment as chromate and dichromate through industrial pollution caused by effluents from metal plating, tanning, dye making, and stereotyping workshops and by oil varnish and ink [1] . Chromium ions can have various valence states: Cr(II), Cr(III), Cr(V), and Cr(VI), with Cr(III) and Cr(VI) being the most stable [2] . Chromium can cause special hazards because it accumulates in most organs. It seems that plants do not need chromium and excessive amounts of it are toxic to them [3] . Chromate dissolved in water can disrupt wastewater treatment processes. Dichromate, which is a strong oxidizing agent and hence a carcinogen, can be absorbed into the skin. If this happens, it will damage enzymes and biological systems [4] . According to world health organization the maximum allowable concentration of Cr (VI) is 0.05 mg/L for drink water. Various methods have been developed to remove chromium from aqueous solutions such as chemical precipitation. Ion exchange, coagulation, reverse osmosis and adsorption [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Each of these methods has its own advantages and disadvantages [18] . All these methods are somehow efficient and effective in removing heavy metals, but chemical precipitation method hase been employed more extensively because this method is easier and less expensive. However, chemical precipitation method produce sludge and are not very effective at low chromium concentration. Many researchers have shown interest in the adsorption method of removing heavy metals at low concentrations because it does not produce sludge and can remove metallic ions having low concentrations [19] . One of the disadvantages of the adsorption method is its high cost. Therefore, low-cost materials have been utilized as adsorbents of heavy metals [20] [21] [22] [23] . Recently, new adsorbents have been used for chromium removal purposes such as nano-particle resin lewatit [24] , lewatit fo36 nano ion exchange resin [25] , nano carbon-onions [26] , waste tire [27] , modified carbon foam [28] , biogenic iron based nanoparticles [29] , reticulated chitosan [30] , surface modified composite nanofibers [31] , natural biomaterials [32] , iron activated Carbon produced from coconut shell [33] , Bagasse Ashes [34] , activated Carbon produced from rice busk [35] , distillery sludge [36] , polymers such as polypyrrole [37] [38] [39] [40] and polyaniline [41] . Polyaniline (PANi) is one of the most important conductive polymers. Polyaniline is synthesized very simple and inexpensive in the form of powder and film and used in many applications including supercapacitors [42] , biosensors [43] , electrochemical sensors [44] , electrochemical energy storage [45, 46] , biomedical application [47] , photocatalytic application [48] , and microwave absorption [49] . Polyaniline has shown good potential for removing heavy metals from water and wastewater due to its high content of amine group [50] . The various kinds of polyaniline have been tested for the removal of some heavy metals [51, 52] . Reduction of hexavalent chromium from water has also been studied using conductive polymer films [53] [54] [55] . The solvent type in which the polyaniline is synthesized and the types of oxidizing agent in the polymerization stage have shown an important role in increasing the removal capacity of polyaniline [56, 57] . The new researches show that synthesis of polyaniline attended by some other polymers increase polyaniline capacity for heavy metals removal. For example Removal of heavy metals from aqueous solution using polyaniline and polyaniline/ ferricyanide [58] , polyaniline/graphene oxide [59] , polyaniline/silica gel [60] , polyaniline/polyvinyl alcohol [61, 62] , polyaniline/polystyrene [63, 64] , polyaniline-poly ethylene glycol [65] have been reported and all have mentioned a significant improvement of removal efficiency. The chemically synthesized polyaniline naturally exists in powder shape and is unable to be used in column system. The conducting polymers such as Polyaniline can be easily coated on the surface of some solids such as cloth, glass, paper and sawdust [66] [67] [68] . The coating of polyaniline on the stable solids was reported a good methods for solving the mentioned problem [69] [70] [71] [72] . Among these, sawdust has been used a lot to coating polyaniline [73] [74] [75] .
There is evidence that synthesis of polyaniline attended by some other polymers such as poly ethylene glycol (PEG) exerts a marked effect on the surface and morphology properties of the synthesized polymers [65] . It, therefore, appears that entering some polymers such as PEG into the structure of polyaniline could produce effect on capacity of chromium uptake by PANi due to a change in molar mass of the polymer and its electrochemical properties [65] . At the other hand by coating polyaniline/poly ethylene glycol on wood saw dust, prepared composite was able to use in both bath and column system and recycling the polymer after treatment become simple In this study, the composite of polyaniline with poly ethylene glycol and wood sawdust (PANi/SD/PEG) was chemically synthesized and tested as an adsorbent for removal of toxic hexavalent chromium from aqueous solutions in batch and column modes. Then the effect of some parameters such as contact time of PANi/SD/PEG and solution, pH of chromium solution, PANi/SD/PEG dose, fluid flow rate, column bed depth and adsorption isotherms were tested.
Materials and methods

Materials and instrumentation
Sawdust (30-50 mesh size), Sulfuric acid with a degree of purity between 95 to 97%, Ammonium persulfate (APS), potassium dichromate, aniline monomer and poly ethylene glycol (M w = 35,000) were all provided from Merck company (Germany).
The pH meter (CH 9101-Herisau, Metrohm, Switzerland), Fourier transform infrared (FT-IR) spectrometer (VERTEX 70, Brucker, Germany) digital scale (BP 211 D, Sartorius,Germany), Scanning electron microscope (LEO 440i, USA), magnetic mixer (MK 20, Helmer, Germany), and a glass column (1 cm*50 cm) were used for experiments. UV-Visible Spectrophotometer (Cary 300, Varian, USA) is used for measuring Hexavalent chromium concentration. Cr (VI) concentrations were determined by employing a spectrophotometer at pH values higher than 12 (adjusted by using 0.2 M NaOH) and at λ max = 375. To draw tables and curves, Excel and Tecplot software packages were used.
Chemical synthesis
To prepare PANi/SD/PEG, first 1 g of APS as an initiator of oxidative polymerization was dissolved in 100 mL of 1 M H 2 SO 4 in the presence 0.2 g PEG, then 1 g of sawdust was added to solution and after 30 min, 1 mL aniline monomer was added to stirred solution. The polymerization was occurred for 3 h. After polymerization, PANi/SD/PEG was washed with distilled water used after it dried [65] .
Removal of chromium
For Batch experiments PANi/SD/PEG composite added to 50 mL of hexavalent chromium solution and mixed by using a magnetic stirrer with speed of 300 rpm. After mixing time, the solutions were filtered and filtrate was used to measure chromium concentration. After removal experiments the efficiency of removal has been calculated from Eq. (1),
Where, C 0 is the initial concentration of chromium (mg/L) and C e is the final concentration of chromium (mg/L) after removal experiment. Some parameter such as pH (2-7), contact time (2-90 min), PANi/SD/PEG dose (1-40 g/L) and isotherms were investigated in batch mode. A 1 cm diameter glass column was used for column adsorption experiments. After passing Cr (VI) through the column, treated solution samples were collected and used to measure hexavalent chromium concentration. The pH (2,5,7), column bed depth (10, 20 cm) and fluid rate flow(2,5 ml/min) in column mode were investigated.
Results and discussion
Batch experiments
Removal of Cr (VI) using prepared polymers According the results (Fig. 1 ) the PANi/SD/PEG composite has a good performance on the removal of Cr (VI) from aqueous media As shown using PANi/SD/PEG composite, removal percentage was about six times higher compared to employing only sawdust. Coating of PANi/PEG; on saw dust has a noticeable effect on the adsorptive properties of saw dust. SEM micrographs of SD, PANi/SD and PANi/SD/PEG composite are shown in Fig. 2 . SEM micrographs of SD, PANi/SD and PANi/SD/PEG composite are shown in Fig. 2 . In the PANi/SD, distribution of PANi particles is scattered and needle-shaped (0.01 μ diameter, 3 μ length), but in the PANi/SD/PEG, the polymer coating is uniformly and have sharp scale-like surfaces. With the presence of PEG, prepared composite has been homogenized and further absorption has been occurred.
In previous research, it was stated that sawdust adsorbed chromium [75] . The mechanism of chromium removal by the polyaniline and sawdust composite was also said to be a combination of adsorption and reduction [75] . PANi/SD/PEG composite was able to desirably remove chromium from aqueous environments. This happened due to the presence of nitrogen in prepared composite. Nitrogen compounds can attract metals because they have free electrons in their last orbit. Nitrogen in amine groups is able to attract metals due to the presence of electrons in its S 2 P 3 orbit. In acidic environments also nitrogen is protonated and electrostatic attraction takes place. For PANi/SD Fig. 3a 1578 peak represents a carbon-carbon double bond in the quinoid ring, 1145 and 2923 peaks are respectively related to carbon-nitrogen and carbon-hydrogen bonds. For PANi/SD/PEG Fig. 3b 1458 peak represents the double carbon-carbon bond of benzene ring. 1168 and 2924 peaks are respectively related to carbon-nitrogen and carbonhydrogen bonds. As seen in Fig. 3 the PEG changed FTIR spectrum of prepared composite. For PANi/PSD/PEG the peaks moved slightly when the PEG has been added which is due to the penetration of PEG to the polymer structure and the interaction effects on the energy of synthesized composite bonds.
Effect of pH
Numerous studies have shown that the initial pH value of a solution is the most important parameter in removing heavy metals by adsorbents. This parameter influences both the metal dissolved in the solution and the adsorption sites. Fig. 4 , The best pH values for chromium removal by this adsorbent were acidic pH values, especially below 2. At this pH value, the nitrogen atoms in this adsorbent are protonated and attract chromate and dichromate anions.
Effect of contact time
Equilibrium time is another important parameter in adsorption process. Usually, with increase of agitation time removal efficiency increases until equilibrium is obtained. In this study, 0.5 g of PANi/PEG/SD was exposed to r(VI) solution for 
Effect of PANi/SD/PEG dose
Effect of different dosage of PANi/SD/PEG on the removal of Cr (VI) was investigated. For this purpose 0.25-4 g of PANi/SD/PEG) were mixed to 50 mL of Cr (VI) solution.
The results show that (Fig. 6 ) the Cr (VI) removal efficiency is increased by PANi/SD/PEG dose from 0 to 4 g. Using 40 g/ L PANi/SD/PEG, about 98% chromium removal occur.
Adsorption isotherms
In order to model the adsorption mechanism, adsorption isotherms were studied at room temperature. Different isotherms such as Langmuir, Freundlich and BET which all express surface adsorption process. In this study the Langmuir and Freundlich equations were tested to find the most suitable isotherm model. The Freundlich and Langmuir equations are defined as Eqs. 2 and 3, respectively.
Where, x is the amount adsorbed (mg), m is weight of adsorbent (gr), C e is the final concentration of chromium in solution (mg/L), X is the amount adsorbed by sorbent (mg/g) and X m is the maximum amount adsorbed by adsorbent (mg/ g. The plots of log (x/m) versus log (C e ) and 1/X versus 1/C e are used to find the constants of isotherms [65] . PEG composite maximum adsorption of hexavalent chromium was calculated 3.2 (mg/g).
Desorption and recovery of adsorbed chromium
In this study, 50 mL Cr(VI) 50 ppm was treated with 0.5 g PANi/PEG/SD for 30 min with pH 5. Chromium containing PANi/PEG/SD was transferred to 50 mL of 0.2 M NaOH and stirred for 60 min. During desorption, 22.33% of chromium was released into solution. The reused PANi/PEG/SD was washed with deionized water to obtain neutral pH and was used again for adsorption experiments after it dried. Result shows that the used adsorbent can be reused for Cr (VI) efficient removal with 8% loss of its capacity even after its partial regeneration.
In Table 1 , the performance of the PANi/SD/PEG is compared with some adsorbents. According to table, PANi/SD/ PEG has a acceptable performance to remove chromium from aqueous solutions.
Column experiments
Since most water and wastewater treatment facilities employ adsorption columns, performance of sawdust covered polyaniline and polyethylene glycol composite must also be studied in adsorption columns. If polyaniline and polyethylene glycol composite powder is used, a substantial pressure drop happens in the system.
Removal of Cr (VI) from solution in column systems
In this study, the column (as described before) was packed with 1.7 g of adsorbent (PANi/SD/PEG, SD). The 500 mL of 50 ppm Cr (VI) solution with 5 mL/min flow rate was passed through the column. According to Fig. 9 , for PANi/SD/PEG the breakthrough curve is very extensive. The breakthrough (C e = 2.5 mg/L) and exhaustion(C e = 47.5 mg/L) occur in 10 mL and 45 mL, respectively for SD but this event occurs in 40 and 400 mL for PANi/SD/PEG. According to results, about 80 mL of 50 ppm Cr (VI) solution can be treated by 1.7 g PANi/SD/PEG in column system.
Effect of influent pH
As our result shows (Fig. 10) , adsorption of Cr (VI) ion increased as pH of solutions decreased. The most breakthrough and exhaustion point occurred at pH = 2. In this condition, breakthrough and exhaustion were calculated 75 mL and 1700 mL, respectively. The pH of solution has an important effect on Cr (VI) removal by PANi/SD/PEG in column systems.
Effect of column bed depth
To study the effect of bed depth, experiments were done with column filled with 1.7 (about 10 cm) and 3.4 g (about 20 cm) PANi/SD/PEG, respectively. Then 50 ppm Cr (VI) solution was passed through the column with flow rate of 5 mL/min. As results show (Fig. 11 ) the breakthrough and exhaustion were calculated 40 and 225 mL for 10 cm PANi/SD/PEG bed depth, respectively. This event occurred in 110, 1600 mL for 20 cm bed depth, respectively. The bed depth has a significant effect on adsorption of Cr (VI) using PANi/SD/PEG in column systems.
Effect of fluid flow rate
According to Fig. 12 , adsorption of Cr (VI) ion increased as flow rate decreased. The breakthrough and exhaustion occurred in 40 mL and 400 mL, respectively for flow rate of 5 mL/min but this occurred in 45and 650 mL for flow rate of 2 mL/min.
Desorption and recoveru
Two hundred and fifty ml of chromium (at 50 mg/l) with the flow rate of 5 ml/min was passed through the column and the column was washed with 250 ml of 0.2 M NaOH with the flow rate of 2 ml/min. Results of these experiments show that recovery from the column was 7.9%, which is a low recovery percentage.
Conclusion
This study has been conducted to evaluate the performance of polyaniline/ wood sawdust /poly ethylene glycol/ (PANI/SD/ PEG) composite on hexavalent chromium from aqueous solution. The experiment conducted in batch and column mode.
2D Graph 1
Throughput Volume (mL) In batch experiments the best adsorption occurs at pH 2 and 30 min contact time. Removal of chromium by using PANi/SD/PEG composite was highly in accordance with Langmuir's isotherm. For PANi/SD/PEG composite the maximum adsorption of hexavalant chromium was calculated 3.2 (mg/g). In column experiments, fluid pH and column bed depth were found to be more prominent than fluid flow rate. During desorption experiment, 22.33, 7.9% of chromium was released into solution in batch and column experiment respectively. The presence of PEG at the synthesis stage had effect on prepared composite. With the presence of PEG, prepared composite has been homogenized and further absorption has been occurred. Chromium removal percentage for PANi/SD/ PEG was about six times higher compared to employing only sawdust. According to this study, PANi/SD/PEG composite has a good performance on the removal of Cr (VI) from aqueous media. The extension of this paper according previous works [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] [88] [89] [90] affords engineers a good option for experimental investigations.
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